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coef f iciect-  estination  aethodologies  ace  ezaained, 
Hitb  their  strengths,  weaknesses,  and  pcobleis  of 
iapleientation  in  BALFBAB  being  discussed.  Data 
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I.  INTROPpCIXCN 


A.  iHX  eCOEI  CCHEIT 

A Ha£  caie  has  been  defined  (8)  as  "a  sioulaticn,  by 
whatever  leaos/  c£  a Bilitary  operation  involving  two  or 
■ore  oppcsirg  forces,  conducted  using  rules,  data  and 
prccedures  designed  to  depict  an  actual  or  assuned  real  life 
situation."  It  is  a systeaatic  lethod  of  studying  lilitary 
prcfcleas  and  can  provide  a leans  of  gaining  experience, 
identifying  errors  or  shortcoaings,  and  inproving  skills 
without  paying  the  penalties  of  the  real  world. 

One  cf  the  significant  values  of  war  gasing  is  that  it 
can  provide  an  iapelling  stiaulus  to  innovation,  activation 
and  creativeness . It  establishes  an  environaent  that 
challenges  and  activates  a responsible  participant.  Thus 
different  kinds  cf  war  gaaes  have  been  used  extensively  to 
train  officers  in  lilitary  forces  throughout  the  world. 

Another  advantage  of  war  gaaing  is  that  a war  gase  can 
be  played  on  any  hypothetical  terrain  which  aay  not  be  areas 
ccctrolled  by  the  nation  sponsoring  the  gaae,  as  aust  be  the 
case  in  field  tests  and  aaneuvers  that  eaploy  real  lilitary 
fcrces.  Any  nation  nay  eaploy  war  ganing  tc  assess  or  test 
ailitary  reguirenents  and  the  contingencies  with  which 
ailitary  fcrces  aust  be  able  tc  cope  to  ensure  the  security 
and  survival  cf  the  nation. 


H 

i) 


B.  OVEBII.Vi  Cf  THESIS 

Ibis  paper  is  coiposed  of  seven  chapters.  In  chapter  1, 
var  gaiiog  is  discussed  and  its  values  are  described. 
Chapter  2 gives  three  different  aethods  for  acdelling 
coibat.  These  are  ear  gaaes,  siaulatioo  and  analytical 
■cdels.  Chapter  3 introduces  a coaputerized  analytical 
aodel  ElIEBiB  and  discusses  its  analysis  use  in  the  Bepublic 
of  China.  Chapter  4 introduces  Harkov-dependent  fire  and 
aeans  of  calculating  the  Lanchester  attrition  — rate 
coefficient.  Chapter  5 discusses  the  historical,  logistic, 
weapon  and  gualitatiae  data  which  are  required  for  input  to 
siaulaticn  oz  war  gaaing  aodels.  Chapter  6 exaaines  several 
aethodolcgies  such  as  notional  unit,  firepower  scores  and 
the  use  cf  satellite  aodels  for  the  aggregation  of  forces, 
and  the  preblea  area  to  apply  Bonder's  approach  in  BAIFB&M. 
Chapter  7 gives  scae  final  reaarks. 
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1.  HIB  GIBES 

r 

k vai  gaie,  as  defined  by  Bender  (2)  , is  a step  reneved 
frcB  the  reality  of  a field  experinent  or  a field  exercise 
; vherein  ccly  teaas  of  players  representing  the  cesaanding 

officers  and  tbeir  staffs  are  included. 

About  30CQ  B.C.,  the  Chinese  people  invented  a gaae 
called  "iei  Chi"  and  it  is  still  played  teday  on  a stylized 
■ap  board  with  black  and  white  colored  stones  and  wen  by  the 
player  kho  succeeded  in  outflanking  his  opponent.  Perhaps 
that  was  tte  origination  of  war  gaaes  £22]  . But  it  was  in 
the  seventeenth  century  chess  like  gawes  reflecting  the 
tilitary  developoent  came  to  a new  age.  In  1644, 
Christopher  Heikhmamn  of  Ola  developed  a war  chess  called 
the  "King's  Gaie."  It  is  said  to  have  been  highly  regarded 
^s  an  aid  in  ailitary  training.  Since  then  various  kieds  of 
lilitary  chess  were  invented  in  aany  different  countries.  In 
1824,  a war  case  was  played  before  General  Ven  Bufflinc,  the 
Chief  cf  General  Staff  of  Prussia.  He  bad  received  the 
players  latLer  coldly  at  first,  but  as  the  operations 
expanded  cn  the  sap  and  move  by  move  the  combatants  vorked 
out  tbeir  plans,  the  old  general's  face  lit  up  and  at  last 
he  broke  cut  with  enthusiasm:  "It's  not  a game  at  all,  it's 
training  for  war.  I shall  recommend  it  enthusiastically  to 
the  whole  any  1^2) 

This  was  the  beginning  of  the  war  game  as  a serious 
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lilitary  gorsoit  which  was  co  spread  to  alacst  ever;  ccuotry 
with  lilitaiy  pcetensioos.  But  what  is  the  usefulness  of 
wai  gaies?  It  is  net  any  inforaatiou  acquired  frow  thea, 
but  the  test  they  present  to  coabatants  of  tactical  and 
strategical  kncwledge.  “The  only  difference  fcoa  actual  war 
is  the  atseoce  of  danger,  of  fatigue,  of  responsibility  and 
of  the  fricticn  involved  in  aaintaining  discipline  and  these 
factors  are  all  iaportant  in  war."  said  Bilkinson  (1653  to 
1937) , whe  was  a British  ailitary  reforaer. 

Bhen  playing  sp  called  free  war  gaaes,  assessaents 
regarding  the  effects  of  coabat  and  other  decisions  were 
Bade  subjectively  by  a control  teaa  of  experienced  ailitary 
officers.  So  a high  variance  of  the  results  was  expected  if 
different  decision  aakers  were  used.  And  because  it  takes  a 
long  tine  tc  <3evelcp  and  to  play  a single  gaae,  it  is  not  a 
feasible  aechanisa  for  analyzing  a broad  spectrum  of  systea 
alternatives  in  a responsive  aanner  to  meet  planning  cycle 
reguireaents . 


B.  SlflDIAIICli 


Bar  gaaes  can  be  siaulated  also  by  using  coaputers..  To 
develop  this  kind  of  aodel,  the  ailitary  process  is  studied 
and  aicioscopically  decoaposed  into  basic  events  and 
activities,  which  are  to  be  ordered  in  a logical  seguenqe 
and  prograaaed  . Befpre  being  able  to  coapute,  the  cciputer 
aust  be  fed  with  data  and  paraaeters  such  as  firing  rate, 
kill  probabilities,  etc.  Bhen  the  start  key  is  pressed, 
those  events  and  activities  of  the  different  coabat  process 
are  essentially  followed  in  a specified  sequence  aaking 
decisions  based  upon  predetermined  rules.  The  final  outcoae 
will  be  printed  out  at  the  end  of  siaulation. 
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Sinc€  ccibat  processes  co&tain  a large  nuabcr  of 
probabilistic  eveots  and  activities,  siiulation  lodels 
require  probability  distributions  for  laoy  of  the  input 
variables  and  generate  the  probability  distributions  for  the 
output  variables  or  results.  If  statistical  saipling 
techniques  involving  the  generation  of  pseudo  randca  ncabers 
are  eaplcyed,  the  siiulation  is  called  a Honte  Carlo 
siiulaticn.  Honte  Carlo  siiulation  lodels  are  eiployed  in 
Military  planning  studies. 

Honte  Carlo  siiulations  tend  to  be  aoce  abstract  than 
var  gaies  but  are  still  luch  lore  concrete  than,  for 
exatple,  the  Lanchester- type  coibat  lodels  discussed  below. 
For  instance,  two  Harine  Corps  colonels  fighting  a war  gaie 
over  Cuba  are  a aucb  subtler  lodel  of  a real  caipaign  than  a 
cciputer  trying  tc  siiulate  the  saie  thing.  This  is  because 
the  huian  brain  can  still  perfori  a nuch  wider  variety  of 
processes  than  the  lost  elaborate  electronic  conputer.  A 
coiputer  can  handle  inch  lore  data  with  accuracy  and  speed, 
but  it  cannot  lake  qualitative  judgeients  or  deal  uith 
intangible  factors  such  as  leadership  and  lorale. 


C.  AHAimC  HCOSIS 


Like  siiulaticns,  analytic  lodels  also  have  no  player 
invclveient.  To  develop  a lodel  of  this  kind,  we  first 
stud;  the  ccibat  process  and  decoipose  it  iuto  its  basic 
events  and  activities.  He  then  describe  thei 
latheiatically . Finally  one  integrates  these  events  and 
activity  descriptions  into  an  overall  assumed  mathenatical 
structure  of  the  process.  By  consistent  matheiatical 
operations,  solutions  can  be  obtained  which  will  indicate 
the  relationship  between  independent  and  dependent  variables 
of  combat  effectiveness.  Uken  such  a relationship  can  be 
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developed,  it  obviously  sisplifies  the  conduct  of 
sensitivity  analysis  and  provides  an  increased  ease  in 
interpreting  the  results,  since  the  ccibat  dynanics  are 
contained  in  readily  exaained  equations.  Scietines 
analytical  solutions  can  not  be  obtained  by  appropriate 
■atbenatical  techniques,  but  nuaerical  approxiaations  are 
often  oitaitable.  Ibis  provides  substantial  reductions  in 
cost  and  tiae  for  the  conduct  of  ailitary  analysis. 

Analytic  lodels  can  be  either  deterainist ic  or 
prcbabilistic.  In  the  deterministic  case,  the  saae  set  of 
input  values  always  produce  the  saae  set  of  output  r^^sults; 
while  in  the  probabilistic  case,  some  of  the  input  variables 
have  probability  distributions  and  produce  different  results 
ever  the  output  variables.  Beplications  are  desirable  in 
prcbabalistic  case. 


Coabat  is  a process  that  does  not  readily  lend  itself  to 
aeasureaent.  The  operational  effectiveness  of  coabat 
systeas  are  often  tiaes  edicted  by  ailitary  personnel.  They 
are  ot  experiaentally  verified.  Thus  they  should  not  be 
usee  as  an  evaluation  aechanisa  to  provide  accurate,  point 
estiaate  predictions  of  coabat  effectiveness  for  use  by 
decision  lakers.  They  should  be  used  only  for  analysis 
purposes  so  as  to  have  a better  understaning  of  the  systea 
dynaaics.  Fox  this  purpose,  a large  number  of  parasetric 
variations  of  the  acdel  variables  is  required.  As  a 
consequence,  for  such  parametric  studies  analytic  aodels  are 
preferred  tc  siaulations  and  war  games. 

Aaong  aany  analytical  aodels  developed  in  the  Qnited 
States,  EAIFBAH  (Balanced  Force  Requireaenr  Analysis 
Betbcdolcgy)  is  the  one  which  has  been  used  by  Republic  of 
China  ailitary  personnel  as  a tool  tc  analyze  their 
contingency  plans.  BALFRAB  will  be  discussed  in  the  next 
chapter. 
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III.  £iiIRiii 


A.  GENEEIL  DESCBIEIION 


EALfBAE  (Balaoced  Force  Begaireient  Analysis 
Eethodolcgy)  is  a cpiputer  ear  gaaing  aodel.  It  consists  of 
scae  lOfOOO  FOSTEAiH  stateaents.  The  basic  progsaa  is 
priiacily  an  analytical  bookkeeping  device  which  provides  a 
fraaeuoik  within  which  probleas  of  force  leguirenents  and 
capabilities  can  he  analyzed  and  the  effectiveness  of  force 
levels  and  force  aizes  can  be  evaluated.  The  entire  prograa 
consists  cf  two  subprograas,  naaely,  the  NODH  prograa  and 
the  OCSF  prograa.  The  NODE  prograa,  when  provided  with  the 
scenario  geccraphy  abstracted  froa  a hypothesized  caapaign 
environaent  in  teras  of  nodal  points  and  lines  of  access 
between  nodes,  will  coapnte  the  aatrices  of  ainiaua  distance 
between  nodes  and  of  next  nodes  on  the  path  of  ainiaua 
distance.  The  OCSF  prograa,  when  provided  with  inputs  of 
force  characteristics  and  contingency  Icgic  (tactical 
decision  rules)  will  aove  units  over  the  scenario  geography, 
enabling  then  to  engage  according  to  the  scenario  and 
ccaputing  the  outcoae  of  the  engageaents  according  to 
appropriate  fight  laws  designated  by  the  user.  The  prograa 
is  user  oriented.  It  is  very  flexible  and  aay  be  used  to 
ezaaine  a wide  range  of  ailitary  applications. 


In  crder  to  use  BALFBAB,  scenario  geography  oust  first 
be  abstracted  into  npdes  representing  geographical  locations 
at  which  tattles  aay  take  place  and  translated  into 
congruous  BALFBAB  teras.  Then  force  characteristics  and  the 
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tactical  decision  rules  aust  be  focaulated  and  described 
through  tfce  use  of  BALFBAH  descriptors.  In  certain  sense, 
EAIIBAB  is  not  a coiplete  war  gaaing  aodel  until  a set  of 
descripters  cn  fcrce  characteristics  and  contingency  logic 
has  been  prepared  and  assenbled  to  coapose  a scenario. 


fi.  SISIIB  AECIICAIIOB 


I • SXSlSl  Organization 

A siaplified  systea  organization  cf  BALFBAH  is  shown 
in  figure  1 as  a tree  type  diagraa. 


Figure  1 - SYSTEM  OtlG A NIZ ATICM 


It  shows  the  steps  in  coDtrol  and  ezecutioa  of  a 
sceoaclo  fxca  the  tiae  inputs  are  subeitted  to  the 
cciputaticQ  ceutez  until  the  tiae  final  outputs  ace  pccduced 
along  functional  lines.  The  idea  of  having  three 
sopecvisccs  each  in  charge  of  a specific  step  in  the 
ezecutioo  pzccess  is  well  conceived. 

2-  SlSiSl  Operation 

In  ccdec  to  use  BALFBAh,  the  usez  aust  develop  a 
scenario  and  translate  it  into  congruous  EALFBAH  inputs. 
First,  scenario  geography  is  subaitted  to  the  coaputation 
center  io  latciz  fcca  as  inputs  to  HOOH  pcogcaa.  Outputs 
frca  BODE  serves  as  geographical  inputs  to  DCSF  prograa. 
Then  ether  ieputs  (fpcce  characteristics,  icveaent  logic  and 
battle  logic)  are  subaitted  to  the  coaputation  center  as 
inputs  tc  ceSF  prograa.  Outputs  froa  DCSF  pregraa  are  the 
final  results  of  the  scenario  with  respect  to  specific  sets 
of  paraaeters.  BALFBAE  laintains  no  data  base  except  the 
NODE  and  CCSI  files  which  are  on  a scenario  to  scenario 
basis.  All  outputs  froa  both  NODE  and  DCSF  prograa  ace 
returned  to  the  users. 


C.  BATEEEATICII  EACKGBOONO 


lan^bester  *s  Classic  Combat  Models 


The  aatheaatical  foundation  of  BALFBAM  rests  cn  the 
extentioD  ard  enrichient  of  Lanchester's  classic  theory  of 
ccabat  between  two  opposing  forces.  Lanchester  (1668  to 
1946)  was  an  English  aeronautical  engineer,  who  believed 
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that  "one  cf  the  great  guestions  at  the  root  of  all  strategy 
is  that  cl  concentration;  the  concentration  of  the  whole 
resources  cf  a telligerent  on  a single  purpose  or  object, 
and  concurrently  the  concentration  of  the  aain  strength  of 
his  force,  whether  naval  or  ailitary,  at  cne  point  in  the 
field  of  cperations  (15)  To  prove  this  point,  Lanchester 
■ade  a siaplified  natheaatical  analysis  of  the  relation  of 
opposing  forces  in  battle.  He  wrote  the  faaous  "Lanchester 
eguations"  in  t914  under  the  assuaption  that: 


(1)  Iwo  opposing  forces  each  capable  of  inflicting 
casualties  cn  the  ether  are  engaged  In  coabat, 

(2)  Each  unit  engaged  in  battle  are  within  the 
firing  range  cf  all  pther  eneay  units,  and 


(3)  Both  sides  use  aiaed  fire. 

Ihen  the  coabat  between  the  two  opposing  forces  was 
acdelled  by 


di/dt  =-ay  wjth  x(t=0)=ro 
dy/dt  »-bx  with  y(t=0)=y. 


C3.  1) 


where 

x(t)>the  nuabers  of  X force  at  tiae  t 
y(t)sthe  nuahers  of  T force  at  tiae  t 
a^atrition  rate  of  Z force 
b-attrltion  rate  of  Y force 
and  t=  0 denotes  the  tiae  at  which  the  battle  begins. 

17 


frci  (3.1)  Lanchester  deduced  his  classical  square 


k (x^-i'(t))=a  (yj-y*(t)) 


(3.2) 


Mbicb  iaplies  that  i|  one  side  conmitted  acre  forces  to 
battle  at  the  very  beginoing,  his  casualties  will  be  reduced 
sigoificaotl}. 


Ike  history  pf  force  level,  x (t)  and  y(t)  were  given 


by  18 


X (t)  »Xo  Cosh/al)t-y,/a7IiSinh/aBt 
J (t)  =y«  Cosh/aBt  Xo/H7aSinh/aBt 


(3.3) 


If  assuaptipn  (3)  is  changed  to  be  area  fire,  the 


■cdel  beccaes 


dx/dt  =-axy  aith  x(t=0)=Xo 
dy/dt  =-bxy  with  y(t=0)=yQ 


(3.4; 


Ihe  state  equation  is  given  by 


fc  (x,-x)  «a  (y,-y) 


(3.5; 


iDd  the  tine  history  of,  for  exaaple,  the  X force 
level  is  given  by 


1 for 


•IT f TT~/  bxo?tayo 

i b Xq-  aVo  - b Xq)  tj  ; ° 


x(t)  =■ 


1 + b X.  t 


f c r b Xq=  ^ 


(3.6) 
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2.  liHkt  Laug 

fight  lavs  define  the  nuaber  of  surviving  ccapcnents 
of  each  side  as  a function  of  tine.  BAIffiAH  contains  two 
basic  differential  fight  lavs:  the  square  law  and  the 

linear  lav.  Ihey  are  a aodified  version  of  the  Lanchester's 
equations. 

a.  Square  Lav 


Ihe  square  law  has  the  fori 


cx/dt=-aj-c  with  x(t=0)=xo 


ci/dt*-bx-e  with  j(t*0)*y, 


(l.l) 


where  x(t),  J (t)  , a and  b are  defined  as  in  (3.1)  and  c is 
the  excgenccs  firepower  paraaeter  that  represents  the 
increiental  capability  of  y to  inflict  attrition  On  x by 
virtue  of  the  exogenous  firepower  available  to  y,  and  e is 
defined  siiilarly. 

The  state  equation  is  given  by 

(/bxt  ♦ ( /bx+e//b)*  =(/ay*  *c(fkf-  (/ay+c//a)*  (3.8) 


given  by 


inalytic  sulutions  are  always  available  and  are 


X (t)  = ( (/ix«+e/Tb)  Cosh  /aLt~(/ay*  Sinh  /aEt]//l)-e 

C3.9) 

3 (t)  = ( ( /ayo  +c//a)  Cosh  /abt-  (/^Xo  +e//I))  Sinh  /a^ t)//a-c 
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lh€  differential  fight  lavs  contain  the  iaflicit 
assuiftiCD  that  this  exogenous  fire  is  aiied  (rather  than 
area)  fire  vtich  is  subject  to  discussion. 

k.  linear  Lav 

Ibe  linear  law  has  the  fora 


di/dt=-axy-c  with  x(t=0)=xo 


flj/dt=-fcxy-e  with  y (t=0)  =y. 


(3.10} 


where  x«y,t«c,and  e are  as  previously  defined.  The  rate  of 
attrition  of  each  side  is  dependent  on  the  nuaber  of 
surviving  cciponents  of  both  sides.  This  is  because  the 
assanpticc  cl  area  fire:  the  sore  coaponents  in  an  area 
receiving  uniforaly  distributed  fire,  the  aore  casualties 
incurred;  and  the  aore  coaponents  firing  intc  the  area,  the 
acre  casualties  thay  will  inflict. 


Ihe  state  equation  is  given  by 


fc  (x,-x)  *a  (y,-y)  for  kc=ae 


(3.11} 


In  case  e=c=0,  analytic  suluticns  for  equation 
(3.10)  exist. 


(a)  bx«  =ay. 


X (t)  ax./(1+btx*  ) 
J (t)=y,/(1+aty,  ) 


(3.12) 


(k)  bxovfay. 
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j (t)  =/a7irV(exp  ( /ab)ct)-r) 
j |t)=/t/aexp  (/abkt) / (exp  (/abkt)-  r) 
kbere  r=txi/ayo  and  k= /aTby.VETaxo 


(3.13) 


Hhen  c 0,  e ^ 0 or  both  c,  e ^ 0,  no  analytic 
solution  exists  and  it  is  necessary  to  pecfcio  a nunerical 
solution  of  equation  (3.10). 


xote:  then  one  side  uses  aiied  fire  and  the 
otter  uses  area  fire,  one  side  suffers  attrition  at  a rate 
proportional  to  only  the  nuiber  of  firers,  vhile  the  other 
at  a rate  proportional  to  the  product  of  the  nuiber  of 
firers  and  the  nuiber  of  targets.  The  resulting  coibat  law 
is  called  the  “lixed  law."  BALFRAH  can  also  accoiiodate 
this  sitcaticn. 

D.  BALFEifl  IFCCbSB 

Although  EALFBAB  is  usually  referred  to  as  a cotputer 
war  gaiing  aodel,  it  is  essentially  a high  order  ooipiler 
.language.  It  oan  be  regarded  as  lodel  only  when  a ocxplete 
set  of  isputs  (descriptors)  has  been  prepared  and  asseibled 
tc  fori  a hypothesized  scenario.  The  essential  inputs 
consist  of  three  categories.  They  are  scenario  geography, 
force  oharacteristics,  and  contingency  logic  (tactical 
decision  rules).  Figure  2 shows  the  entire  EALFBAB  process. 
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eAlFBArt  ESOCES 


i£j5a|io  Geography 


Scenaxlo  geography  is  abstracted  froo  a projected 
caapaign  envircnaeot  into  nodes  and  linos  of  access  between 
thea.  The  ocdes  represent  defined  geographic  areas  or 
specific  locations.  They  can  be  located  on  land,  on  sea  or 
even  "in  tbe  air”  as  the  scenario  requires.  The  area 
represented  by  a node  can  range  ii:  size  froa  that  required 
for  an  infantry  sguad  to  that  required  for  a battle  between 
corps  or  field  araies.  The  lines  of  access  between  aodes 
and  their  associated  distances  represent  the  lines  of 
coaaunicaticn  over  which  the  forces  and  logistics  of  both 
sides  aust  acve.  The  aoveaent  of  coabat  units  during  tbe 
course  of  battle  aust  also  follow  these  routes.  The  network 
of  nodes  can  be  as  detailed  as  required  by  the  scenario. 
Given  a network  cf  nodes,  tbe  MODH  prograa  will  compute  tbe 
shortest  distance  route  between  any  twc  nodes  in  the 
network.  Geographical  irregularities  such  as  acuntains, 
rivers  and  swaaps  can  also  be  input  to  the  network  for 
assessing  the  effects  of  force  deployaent  and  aobility  on 
battle  cutccie. 


2 • i£££i  Char  act  eyistj.cs 


Force  characteristics  refer  to  the  number,  type  and 
nature  of  units  each  side  can  coaait  to  battle,  the  aobility 
of  rate  at  which  each  unit  can  aove  over  the  scenario 
geography,  the  coabat  effectiveness  in  teras  of  the  ability 
to  inflict  casualties  on  the  eneay  units,  and  the  breakpoint 
in  tera  cf  tbe  nuaber  of  casualties  each  unit  can  sustain 
before  being  defeated.  In  BALFBlh,  the  unit  is  a conceptual 
cne.  It  can  consist  of  several  units  with  each  unit 
retaining  its  own  characteristics  or  a fraction  of  a unit 
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Hhlcb  possess  the  seuie  attrition  capability,  aobility  and 
breakpoint  as  the  unit.  Dnits  of  different  sizes  can  be 
input  into  EilfBAH  as  force  equivalents  of  the  standard  unit 
which  is  designated  by  the  user.  As  to  ships  and  airplanes, 
the  saee  prizciple  applies.  They  can  be  input  into  BAIfBAH 
either  as  a single  ship  (or  airplane)  or  as  naval  (cr  air 
force)  units. 

3-  CcntinqencY  logic 


Contingency  logic  refers  to  the  sequential  tactical 
decision  rule  or  the  way  forces  are  to  be  eoployed  during 
the  course  of  caipaign.  A typical  ezawple  af  initial 
deployient  would  te  what  proportion  of  ground  forces  are  to 
be  deployed  to  front  line  coabat  positions  and  what 
pzopcrticn  cf  forces  are  to  be  held  as  reserves,  and  the 
relative  position  cr  locations  the  front  line  units  and  the 
reserves  are  to  occupy.  An  ezaaple  of  force  utilization 
would  be  what  propcrtion  of  tactical  air  force  are  to  be 
used  for  close  air  support  and  what  proportion  for  air  to 
air  coabat.  After  initial  deployaent,  it  aay  becoae 
necessary  to  change  deployaent  policy  or  aission  allocations 
contingent  upon  soae  specific  events  which  aight  occur. 
These  ccntingent  activities  provide  the  operational 
priorities  and  loveaent  logic  which  govern  the  way  in  which 
a unit  conducts  its  operation  as  the  scecaiio  progresses. 
The  general  Icra  cf  contingent  logic  input  stateaent  is  *'if 
soae  condition  is  true,  the  specified  units  do  the 
following."  In  developing  logical  operations,  the  users  are 
cautioned  to  be  consistent.  Inconsistencies  aay  cause  one 
logical  step  to  be  negated  by  another. 


■-§ 


Here  are  two  types  of  contingency  logic  inputs, 
naaely,  battle  logic  inputs  and  aoveaent  logic  inputs:  They 
can  be  soaaarized  as  follows. 
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a 


Battle  Logic 


Cescrite  forces  involved  and  nodes  at  which 
tattles  are  tc  cccur. 

Bpecif;  attrition  factors  and  criteria  for 

tattle  teriicaticn. 

Beriit  orders  of  battle  of  several  units  to  be 

■erged. 

Specif]  allocation  and  effectiveness  of 
supporting  weapons. 

Eioportionally  assign  and  redistribute  forces. 
Bescrite  logistic  pipelines  and  interdiction 

effects. 

Vary  paraneters  such  as  order  of  battle, 
firepower,  ictility. 

F^iQCiples  of  concentration. 


t.  Kcveaect  Logic 


Eove  units  froa  node  to  node  contingent  on 
arrival  events. 

Eelocate  units  contingent  on  defeat  events  or  at 
specified  tiie. 

Eeroit  withdrawal  if  force  ratic  is  unfavorable. 
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Cause  one  force  to  chase  another, 
fstablish  a sequential  link  up  c£  forces. 


Eedeploy  units  after  battle  is  ucn. 

y 

i!  Trace  loveaent  of  FEBA  (forward  edge  of  the 

I tattle  area)  . 


§S4  Outputs 

a.  KCCH  Prograa 

Inputs  to  this  prograa  represent  the  scenario 
geography  abstracted  in  aatrix  fora  with  eleoents 
representing  direct  distance  between  nodes.  The  outputs  are 
(1)  aatrix  cf  direct  distance  netween  node  pairs,  (2}  aatrix 
of  ainiaui  distance  between  node  pairs,  and  (3)  aatrix  of 
neit  nodes  cc  the  path  of  oiniaua  distance. 

b.  CCSF  Prograa 


Beside  the  preprocessed  scenario  geography 
inputs  frci  BCDH  prograa,  additional  inputs  lust  be  provided 
to  construct  a EALFBlfl  scenario.  These  include  force  levels, 
acbility,  indices  cf  conbat  effectiveness,  defeat  criteria, 
and  attrition  rates.  The  initial  concept  cf  operation  oust 
also  be  developed  and  fornulated  as  battle  and  loveaent 
logic  inputs.  The  outputs  include  the  "battle  history"  and 
the  "end  cf  caapaign  suoaary".  The  fcraer  provides  a 
chronolcgical  record  of  the  scenario  showing  the  location 
and  next  objectives  of  forces,  location  and  status  of 
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battles,  and  the  size  of  forces  involved  at  each  tattle 
step.  The  latter,  surviving  forces  on  both  sides, 
casualties  resulting  froa  exogenous  fire,  and  the  duration 
of  the  battle,  in  output  of  sensitivity  analysis  results 
can  also  te  cbtained  at  the  option  of  the  user. 


5.  £§£dU2iii4s 


Treating  heterogeneous  forces  as  hoacgeneous, 
EilPBih  provides  an  aggregated  approach  to  the  siaulation  of 
conventional  conflicts  between  two  opposing  forces  coxpcsed 
of  ground,  air  and  naval  units.  It  can  be  used  to  assess  the 
capabilities  of  the  coaponent  ground,  air  and  naval  eleaent- 
in  their  coordinated  support  of  a ailitary  operation  cr  to 
ccapare  the  soundness  of  tactical  decisions  by  exaaining  the 
effects  cf  alternative  courses  of  action  upon  the  outccae  of 
a conflict.  The  software  prograa  can  also  generate  gaae 
theoretic  solutions  tc  probleas  of  force  allocation  and 
perfora  sensitivitf  analysis  to  quantify  relationship 
between  input  and  output,  thus  providing  a franework  for 
analyzing  the  tradeoffs  between  coaponent  forces  and 
deriving  cptiial  force  level  objectives. 

EiLfElB  is  priaarily  a siaulaticn  model  for  a 
unified  high  ccaaand.  It  can  be  used  to  aodel  coabat  at  the 
theater  level.  There  is  no  explicit  stateaent  on  the  level 
cf  force  cr  nuaber  of  units  it  can  handle;  however,  the 
priaary  inputs  on  force  characteristics  and  contingency 
logic  in  the  fcra  cf  data  cards  usually  do  not  exceed  300 
per  scenario. 

1 typical  exaaple  of  the  kind  of  sensitivity 
analysis  EIIEBIM  can  perfora  would  be  the  X — force 
superiority,  parity  and  T- force  superiority  analysis  based 
cn  the  variations  of  T - force  levels  as  shown  in  the 


27 


foIloHlog  figure 


£.  DI1LI2A11CM  OF  EAIPRAH  IH  THE  BEPUELIC  Cl  CHINA 

EAIFEAH  «as  first  iotroduced  to  the  Reputlic  of  China  in 
early  1970 *s.  Since  then«  BAIFBAH  has  been  used  in 
cccjuncticn  kith  aanual  war  gaaes.  Because  cooputer  war 
gases  as  well  as  aanual  war  gaaes  can  ccly  represent  the 
battle  field  reality  to  seme  extent,  playing  then 
siaultanecusly  using  the  same  scenario  would  hopefully 
eliiinate  scae  of  the  weaknesses  of  both. 

A la^jor  difficulty  encountered  in  using  EALFRAH  was  the 
deterninaticn  of  attrition  rate  coefficients  for  different 
types  of  units.  EAIFBAH  treats  units  froa  the  saae  Service 
(e.g.  Aray)  as  being  hoaogeneous  regardles  of  their  weapon 
characteristics  and  units  frea  different  Services  (e.g.  Army 
and  Air  fcrce)  as  heterogeneous  forces.  The  use  of  notional 
units  in  ElIFRAH  wherein  units  froa  the  sane  Service  are 
supposedly  brought  to  egual  footing  by  pooling  and 
noraalizing  their  resources  by  the  standard  unit  is  a step 
in  the  right  direction  toward  the  estiaaticn  of  attrition 
rate  coefficients.  However,  it  falls  short  of  achieving  its 
goal  because  cf  the  definition  of  hoaogeneity.  An  exaaple 
aay  help  tc  illustrate  this  point. 

For  exaaple,  if  an  infantry  division  is  used  as  the 
standard  ucit  and  given  a value  of  1.0,  i.e.  one  notional 
unit.  An  aracred  division  is  found  to  be  eguivalent  tc  two 
infantry  divisions  and  is  given  a value  cf  2.0,  i.e.  two 
notional  units.  This  aeans  that  the  casualty  inflicting 
capability  cf  an  armored  division  is  twice  as  that  cf  an 
infantry  division.  However,  in  terms  of  other  contributions, 
an  armored  division  may  be  worth  acre  than  two  infantry 
divisions.  Ihe  use  of  armored  divisions  for  the 
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exf loitatioo  of  tattle  ?ictories  is  a passible  case.  The 
defeat  of  fiaoce  b;  Geriany  in  the  Second  icild  Har  is  an 
exaiple  cf  such  an  instance.  On  the  otber  hand,  an  infantry 
division  lay  be  equivalent  to  an  araored  division  under 
certain  ccabat  sitcations. 

Due  tc  its  aggregate  nature,  BALFBAH's  approach  with 
respect  to  this  problea  was  to  leave  the  deterainaticn  of 
attritioE^rate  coefficients  to  the  user.  It  seeaed  to 
suggest  that  this  wuold  increase  the  flexibility  and 
applicability  of  BAIfBAh  in  that  the  user  vas  free  tc  choose 
the  attriticc  coefficients  and  siaulate  aany  types  of 
ailitary  cpeiations.  In  view  of  the  level  of  coaeand  at 
which  BlIFfilB  was  intended  to  be  used,  it  had  achieved  its 
objectives  adairably.  However,  for  aore  effective  use  at 
relatively  Icwer  levels  of  ccaaand,  BALFBAH  can  be  iaproved 
by  eaploying  other  existing  aethodologies  to  estiaate 
attritioE«rate  coefficients  for  different  types  of  units  and 
under  different  sets  of  circuastances. 

Another  difficulty  encountered  was  the  calculation  of 
IC£  (index  cf  coabat  effectiveness).  Because  ICE  reflects 
the  status  or  ccabat  effectiveness  condition  of  a unit 
(training,  activation,  experience,  sustaining  capability, 
etc.) , the  deteraination  of  ICE  is  priaarily  a aatter  of 
judgeaent  and  to  a large  extent  a subjective  one.  The 
protlea  was  further  coaplicated  when  inforaation  regarding 
the  eneay  troops  ccncerning  these  factors  is  incoaplete  and 
can  net  be  relied  upon.  Under  these  circuastances,  the 
results  cf  the  siaulation  could  easily  be  teapered  to  please 
one's  superior.  The  net  result  of  all  this  would  be 
tantaaount  tc  the  negation  of  the  purpose  of  the  entire 
effort. 

One  way  cf  attacking  this  problea  would  be  to  develop  a 
aethodolcgy  for  estiaating  the  ICE'S  of  various  types  of 
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units  Hitb  respect  to  quantitative  and  qualitative  factors 
Hbich  have  a direct  bearing  on  the  effectiveness  of  a unit 
to  carry  cn  ccabat.  It  is  true  that  a flOB  (neasuie  of 
effectiveness)  for  such  factors  is  hard  to  decide  on  because 
it  is  difficult  to  devise  a acceptable  aesaurenent  of  these 
factors  Hbich  will  provide  a reasonable  approzinaticn  to  the 
1C£.  ElIIBAB  took  a passive  approach  to«4Jus  prcblea  as  in 
the  case  cf  attrition-rate  coefficients.  An  active  approach 
would  be  to  develop  a aethodology  and  incorporate  it  in  the 
prcgraa  fcr  the  estiaation  of  ICE  of  various  types  cf  units. 
This  is  acst  desirable  on  the  part  of  the  users. 

In  £AIf£Afl«  ICE  is  a aultiplicative  factor  acting  upon 
the  attriticn-rate  coefficient.  It  nay  not  be  realistic 
because  the  attrition-  rate  coefficient  should  have  a 
diiinishing  aarginal  return  with  respect  to  increasing  the 
ICE.  A curve  such  as  an  exponential  light  be  icre  suitable 
to  describe  this  relationship. 


In  tbe  atiliaaticn  of  a Lanchester  — type  aodel,  the 
essential  part  is  to  deteroine  nuaerical  values  for 
Lanchester  attrition  - rate  ccefficie.nts  frca  weapon  systea 
peiforiance  data.  Two  significant  developments  in  this  field 
appeared  during  the  1960's«  naaely,  (1)  the  developnent  of 
aethcdolcgy  fcr  the  prediction  of  Lanchester  attrition  — rate 
coefficients  froa  weapon  systea  performance  data  by  S. 
Bender  (3]  and  C.  Barfoot  (l)  and  (2)  the  developaent  of 
aethcdolcgy  fcr  the  estiaation  of  such  coefficients  froa 
Hcnte  Carlo  siaolaticn  output  by  G.  Clark  (6)  . He  will 
discuss  tbese  aethcdologies  in  this  chapter. 

A.  HABKCV  CBfINOEBT  FIBE 

The  purpose  of  firing  a gun  is  to  destroy  a target.  Sc 
the  hit  distribution  is  of  interest  in  weapon  systea 
analysis  werk.  If  «e  could  assume  that  the  fait  probability 
is  the  saae  for  all  rounds  and  each  of  then  is  independent 
of  the  others,  then  the  Binomial  distribution  would  be 
suitable  for  the  fait  distribution. 

Let  B be  a randoa  variable  denotes  the  nuaber  of  rounds 
hit  the  target  with  each  round  has  hit  probability  p,  then 
for  firing  n rounds,  the  probability  that  at  least  one  round 
bit  the  target  is  given  by 

Pr(  B i 1 ) = 1-Pr(  H = 0 ) = 1-(  1-p  r (4.1; 
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Eut  in  Many  circumstances  this  aodel  is  inadeguate 
because  fire  can  be  adjusted  and  aia  pcints  for  rounds  are 
net  statistically  independent. 


Ecnder  assuaed  that  the  firing  process  is  a Eaikov 
process  that  is  the  weapon  systea  perforaance  depending  only 
on  the  cutccae  of  the  last  round  fired.  Define 

p • Erok ( hit  on  first  round  ) 

g s Efok  ( liss  on  round)  liss  on -previous  round  ) 
then  eguatioD  (4.1)  aay  be  revised  as 


Er(  E 2 1 ) * 1“(  i“P  ) for  n > 1 


C4.2) 


This  paper  will  deal  with  this  type  of  firing  process 
and  called  it  Harkov*dependent  fire. 


E.  ECND££'S  BETfiCC 


fiecall  the  Lanchester- type  eguatiens  fer  coabat  between 
two  hoaogenecus  forces 


di/dt  »-ay  with  x (t=0)  =x» 


dy/dt  =-bi  with  y (t=0)  =yo 


(4-3; 


In  this  aodel,  a and  b are  called  the  Lanebester 
attrtion-rate  coefficient.  For  example,  a represents  the 
rate  at  which  a single  I weapon  system  destroys  X targets. 
It  has  the  disensicn  of 


(X  casualties) /( (nuaber  of  Y units) • (unit  tine)) 
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Ecnd€i  has  defined  A,  a randoa  variable^  as  the  rate  of 
destructicD  cf  X target  and  its  value  is  given  by 


A " l/l 


(44) 


where  T is  a randci  variable  denotes  the  tiie  for  a Y firer 
to  kill  an  X target.  The  “average”  rate  of  target 
destructico  would  be  the  expected  value  of  A,  denoted  by  a 


a = E < A ) = E ( 1/t  ) 


a- 5) 


However/  in  a paper  published  in  1969/  Earfoot  pointed 
out  the  average  attrition  of  equation  (4.5)  is  inadequate  as 
well  as  net  latheaat ically  tractable.  Be  suggested  defining 
the  average  kill  rate  as  the  reciprocal  of  the  expected  tiae 
to  destroy  a target. 


i/e(1) 


C4.6) 


The  reasen  is  that  in  Bender's  nodel  the  probability 
distribution  function  represents  the  fractions  of  targets 
killed  for  which  each  rate  is  used/  then  the  harionic  lean 
of  the  rates  should  be  used.  If  the  probability  distribution 
function  represents  the  fraction  of  the  tine  that  each  rate 
is  used,  then  the  arithoatic  nean  of  a set  of  attrition 
rates  will  be  appropriate. 


Eguaticn  (4.6)  agrees  with  the  intuitive  definition  of 
i/  the  average  attrition  rate  is  the  ratio  cf  the  nuaber  of 
targets  killed  in  a large  nuaber  of  battles  to  the  tiae 
interval  over  which  the  targets  were  killed.  If  n targets 
are  killed  and  t is  the  time  interval  between  which  targets 
i-1  and  i were  killed,  then 


In  a latcc  paper  (4] , Bender  suggested  a uay  to  calculate 
E(  I)  as 

E(T)=ta+trt„4(th*t#)/PK+((tm+t+)/P)*  ((1-u)/Pk+u-F,  ) C4.8) 

where 

tj  3 tiae  to  aeguire  targets 
ti * tine  tc  fire  the  first  round 

th=  tiae  to  fire  a round,  given  the  preceeding  icucd  was 
a hit 

tni3  tiae  tc  fire  a round,  given  the  preceeding  round  was 
a Kiss 

tf = projectile  flight  tiae 
p,  = first  round  hit  probability 

p^=  the  conditional  probability  of  Jcill,  given  a hit 

n » corditioral  probability  of  a bit,  given  the 

preceeding  rcund  fired  hit  the  target,  and 

p = corditioral  probability  of  a hit,  given  the 

preceeding  rcund  fired  missed  the  target. 

Prof.  lajlcr  stated  that  if  the  following  assuaptions 


<9  = 


n 


n 

s:  t 
i=l 
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1 ff'iirr  n — \in — rriiofflaMiD 


ffCA 


can  be  justified. 


(1)  t = C 


(2)  tt  =th=t,p  = t =l/v,  where  v denotes  the  rate  of  fire, 

(3)  F = - Ft  = Ph ' where  p,, denotes  the  single  shot  bit 

prehatility,  and 

(4)  t^s  c 

Then  equation  (4.8)  can  be  simplified  as  follows 


E(T)  = l/(w-p) 


(4-9) 


where  p = p^p^ 


C.  CIIBK'S  BCCIL 


G.  Clark  [6)  has  added  another  factor,  target  acquisition 
prebabilitj,  into  lanchester-  type  combat  models  in  his 
development  cf  the  COhAN  (COhbat  ANalysis)  acdel. 

Ibe  funcaiental  concept  used  in  constructing  the  CChAN 
model  is  a kill  rate  for  specified  firer/  target— type 
ccibinaticns.  These  kill  rates  are  estimated  from 
simulaticn  data  and  they  provide  insights  as  to  the  relative 
effectiveness  of  various  weapon  types  without  resorting  to 
nuieious  siiclation  runs. 

Clark  points  out  that  for  modelling  purposes  a target  is 
acquired  by  a firer  when  fire  can  be  directed  towards  the 
target's  position.  Acquisition  can  be  accomplished  by 
visually  detecting  the  target  so  that  its  position  is  known 
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and  then  directing  fire  at  the  position  where  the  target  is 
actaally  located.  This  is  the  case  when  direct  fire  weapons 
are  used.  Ecwewer  indirect  fire  weapons  such  as  artillery 
can  be  fired  ewer  hill  aasses  that  obstruct  a line  oZ  sight 
between  the  firer  and  acquired  target  position.  So  knovledge 
of  the  exact  target  position  can  be  acquired  by  firing  at 
likely  area  for  targets  to  be  located  until  fire  happens  to 
be  directed  at  an  actual  target  position  by  chance. 

The  effects  of  target  acquisition  are  introduced  by 
using  the  prcbability  that  a target  is  unacquired  as  a 
paraaeterf  Define 

p = the  probability  that  a specific  1 target  is 
unacquired  by  an  individual  T firer,  and 

q 3 the  corresponding  probability  for  a I target  X firer 
centinatien, 

then 


(^■10) 


dx/dt=-ay  ( 1-p* ) 
dy/dt=-ti  (l-q’^) 

where  a>C ,t>C,C^p<  1 and  0^q<1 


It  can  be  seen  that  if  targets  are  readily  acquired, 
equation  (4.10)  becoies 


dx/dt=-ay 
dy /dt=-ti 

which  is  the  faniliar  Lanchester's  square  law. 


(4.1 ]) 
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HbeD  iodividual  targets  becoae  increasiocly  difticolt  to 
acquire  tfcat  is  the  probability  of  a target  being  unacquired 
assuae  values  close  to  one,  the  coabat  situation  represented 
by  eguaticD  (4.10)  is  egui valent  to  the  situation  envisioned 
by  Lanchester  when  be  foraulated  the  linear  law.  Ibis 
relationship  is  shown  by  expressing  equation  (4. 10)  as  a 
function  of  p and  g and  expanded  in  a Taylor  series  about 
the  points  p>1,g»1 

dx/dt»f (p) 

«-ay  (1-p*) 

»-ay(f  (1)+f»  (1)  (p-1)+f"(1)/2!)  (p-1)  ♦...) 

=-ay  (-1  (p-1))=-a?y  (1-p) 


siailarly 

dy/dt»-bxy  (1-g) 


C4.I2) 
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ihlh  BBflUIBEMBHT  FOB  £Oi;F|i£l|li3  BSTIMAIICN 


Id  EUDoiog  a siaulatioo  or  war  gawiog  Bodel,  a wide 
range  of  factors  lUst  be  considered.  Though  siaplifying 
parity  aseuaptions  can  be  Bade  regarding  cobbod  factors, 
quantified  values  lust  be  provided  to  describe  those  factors 
for  which  diiferences  exist  between  the  two  opposing  forces. 
Ibis  gives  rise  to  the  problea  of  input  data  requireients, 
which  is  crucial  to  the  estiaation  of  attrition  coefficients 
for  different  types  of  units  under  different  coabat 
situations. 

The  data  required  for  input  to  siaulaticn  or  war  gaaing 
Bcdels  for  the  evaluation  of  ailitary  prcblens  can  be 
classified  icto  four  categories: 

A.  BISICElCil  DATI 

Since  the  foraulatlon  of  the  linear  and  square  laws  by 
Lanchester  in  1914,  substantial  aaount  of  research  work  has 
been  done  in  the  area  of  aatheeatical  BOdeling  of  ccabat. 
Efforts  in  this  respect  were  priaarily  centered  on  the 
extention  and  enridhaent  of  lanchester* s theory  of  ccabat, 
which  has  been  validated  to  be  adequate  to  represent  the 
dynanic  process  of  classic  coabat  by: 

^^)  BelBbcld  using  data  on  twenty  seven  battles  which 
cccurred  in  the  United  States  between  1759  to  1945  (also 
several  subseguent  studies  (lOj  (14) } , 
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(2)  Eng€l  using  the  Iwo  Jina  engageient  data  c£  the 
Seccad  Hcild  fiat, 

(3)  iillard  using  data  of  the  land  battles  of  the  years 
1618  to  1SC8,  and 

(4)  leiss  using  Inerican  Civil  Har  data. 

However,  using  historical  data  to  estiaate  the 

paiaaeters  cf  lanchester  — type  coabat  aodel  aust  be  very 
careful  because: 

(1)  Bistcrical  data  frca  different  sources  usually  are 
net  consistect, 

(2)  It  is  difficult  to  decide  hew  tc  count  reserves, 
reinf orceient  and  laneuvecing  eleaents, 

(3)  Casualties  aay  in  soae  instances  have  been  estiaated 
by  subtracting  "stenjgth  after  battle”  froa  "strenth  before 
battle”.  It  is  a value  calculated  froa  two  inaccurate 
nuabers  hence  large  errors  aay  by  expected,  and 

(4)  Ihe  duration  of  engageaent  is  unreliable,  usually  it 
is  estiaated  by  the  huthor. 

Furtheracre,  along  these  sane  lines  Helabold  [ll]  has 
discussed  the  uselessness  of  historical  data  for  laking 
future  ccabat  outcoae  predictions.  Heanwhile,  different 
types  of  siaulation  and  war  gaaing  aodels  have  been 
developed  since  the  end  of  the  Second  Horld  Har.  Hhile  war 
gaaing  techniques  are  being  energetically  extended  to  fields 
where  little  cr  no  previous  experience  with  the  techniques 
in  sophisticated  fora  exists,  essentially  no  parallel 
efforts  have  been  aade  to  coapile  and  analyze  data  on  past 
ailitary  engageaents.  This  aay  be  attributed  to  the 
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fclloving  rca£cns: 

(1)  Mbeo  nations  were  at  war  with  each  ether,  they  would 
he  so  engulfed  in  it  that  they  could  not  afford  to  divert 
their  effort  to  data  collection. 


(2)  though  auch  can  be  and  have  been  learned  by  studying 
the  successes  and  failures  in  past  wars,  few  nations  have 
had  the  chance  to  fight  a war  in  the  saoe  general  situation 
a second  tiie,  and 


(3)  iven  if  actual  conbat  data  on  past  wars  were 
available,  it  was  doubtful  whether  they  would  be  of  any 
sigaificart  value  to  ailitary  analysis  because  of  the  rapid 
advances  in  science  and  technology.  New  weapens  which  have 
great  iapact  on  ailitary  doctrine  and  the  concept  of 
operations  have  been  developed.  The  kind  of  war  which  will 
be  fought  by  forces  equipped  with  these  weapons  will 
definitely  be  different  froa  past  wars. 


In  view  of  the  above,  the  value  cf  historical  data 
resides  only  in  the  validation  of  aodels;  it  has  only 
liaited  usefulness  in  predicting  the  outcoae  of  future  wars. 
This  has  led  to  the  present  trend  of  using  cesputer 
siiulaticn  and  war  gaaing  to  generate  data  for  ailitary 
analysis . 


LOGISIICS  CATA 


Logistics  iaput  data  are  particularly  susceptible  to 
guantif icaticn . Appropriate  data  on  practically  every  thing 
that  can  be  procured,  transported,  used  and  consumed  exist 
in  soae  tangible  fora.  Iteas  such  as  equipment,  ammunition, 
foed,  gasoline,  etc.,  fall  into  this  category.  Data  such 
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I;  as  distances,  neans  c£  transportation,  voluae  and  weight  to 

be  transported,  tiae  in  transit,  etc.,  are  readily  available 
and  can  be  used  as  inputs.  ?urtheracre,  logistics 
reguireaeot  for  each  type  of  units  can  be  established  and 
placed  witbic  reasonable  bounds.  This  will  facilitate 
preparation  and  processing  for  use.  However,  currently  it 
^ is  cot  kccwn  how  these  logistic  factors  influence  coabat 

capability.  In  particular,  there  is  no  coaacnly  accepted  (or 
used)  procedure  for  aodifying  conbat  capability  due  to 
logistic  shortfalls. 
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Weapon  data  include  range,  rate  of  fire,  lethality,  etc. 
Osing  these  characteristics,  different  types  of  weapons  or 
weapon  systeas  can  be  converted  into  input  data  by  firepower 
score  cr  ether  appropriate  nethods.  In  most  cases, 
inforaaticn  cn  eneay  weapon  characteristics  is  not 
available.  Estiaates  are  obtained  based  cn  known  data  and 
weapon  characteristics  of  one's  own  forces.  Thus  the 
ef f ectiveress  of  conventional  weapons  can  be  coapared  and 
evaluated.  However,  in  the  case  of  tactical  nuclear 
weapons,  the  problea  is  coaplicated.  Not  only  are  lethal 
areas  significant,  but  troop  density  in  the  area  at  the 
tile,  and  the  protective  cover  or  exposure  are  also 
significant  factors.  In  addition,  contaaination  effects 
which  deny  the  area  to  both  friendly  and  eneiy  use  aust  also 
be  considered.  Since  tactical  nuclear  weapons  have  never 
been  used  in  the  past,  their  psychological  effects  in  actual 
ccBbat  situaticn  with  respect  to  the  aorale  and  will  to 
fight  of  treeps  involved  is  not  known.  Presuaably  estiaates 
can  be  aade,  but  how  close  these  estiaates  can  be  tc  the 
real  effects  is  not  ascertainable. 
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0.  QDILIIAII^E  DAIA 

The  teiB  qualitative  data  refers  to  such  factors  as 
discipline,  ictivation,  courage,  morale,  will  to  fight,  etc. 
By  prcfessioral  ailitary  judgeaent,  these  factors  can  be 
assigned  quantified  values  to  represent  different  levels  or 
degrees  using  scaling  aethod.  Qualitatve  standards  such  as 
outstanding,  superior,  good,  etc.,  can  be  assigned  nuaerical 
values,  which  can  be  used  as  aultipliers  to  upgrade  or 
degrade  the  expected  performance  of  a unit.  But  factors 
such  as  the  effects  of  shock  and  fatigue  on  personnel;  the 
relative  rescurcef ulness,  initiative,  and  leadership  cf  the 
opposing  ccaianders;  the  results  of  coaaunication  or  ccBaand 
control  failure  are  not  susceptible  to  quantification  in 
that  each  war  is  unique  in  its  own  right.  The  iapact  of 
these  factors  on  war  outcome  is  immense  and  very  difficult, 
if  not  impossible,  to  estimate.  Probably  BAIIBAB  is  the  only 
computer  war  gaming  model  which  allows  for  the  consideration 
cf  some  cf  these  factors.  Though  the  inclusion  of  these 
factors  in  a simulation  or  war  gaming  is  essential  tc  the 
adequate  representation  of  battlefield  reality, 
unfortunately,  their  ultimate  impact  is  beyond  the 
isaginaticn  cf  the  human  mind. 

The  prcblem  cf  data  requirements  fcr  war  gaming  is 
ccmplex  and  ccaplicated.  Except  where  definite  objectives 
have  been  established  and  quantitative  data  exist  in  some 
tangible  fcrm,  the  problem  appears  to  be  cf  considerable 
magnitude  and  deserves  a separate  treatment. 
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VI.  AGGREGATION  Of  FORCES 


It  Has  j^cibted  out  in  the  pceceeding  chapter  that  the 
validation  of  Lanchester's  theory  of  conkat  had  led  to  the 
enccurageient  of  dcvelopnent  of  sinulation  and  war  gaaing 
■odels  based  on  the  enrichaent  and  extension  of  that  theory, 
such  developient  was  clearly  in  response  to  the  growing  need 
for  such  icdels  in  the  field  of  ailitary  analysis  and 
decision  taking.  New  the  problea  which  remains  to  be  solved 
is  the  aegregatien  of  forces  when  the  forces  involved  on 
either  or  beth  sides  are  composed  of  more  than  one  unit  and 
are  above  division  level.  In  the  case  of  hciogeneous  forces 
(i.e.  forces  composed  of  identical  units),  the  aggregation 
of  forces  is  not  a problea;  however,  in  the  case  of 
ncchoaogeneccs  forces,  the  problea  is  complicated  and  lather 
difficult.  Several  methodologies  have  been  proposed  and 
used  to  deal  with  the  problea  in  the  nonbetogeneous  case. 
All  of  these  methodologies  represent  steps  in  the  right 
direction,  but  none  provide  a satisfactory  solution  tc  the 
problem  because  each  methodology  has  its  strengths  and  none 
lacks  weaknesses.  There  is  nc  commonly  accepted  methodology 
in  existence. 


A.  NOTICNAl  OMIT 


The  concept  cf  notional  unit  (16)  is  one  cf  the  several 
existing  methodologies  being  used  to  address  the  problem  of 
aggregation  cf  forces.  The  major  strength  of  the  approach 
is  that  it  takes  into  account  all  the  resources  (personnel, 
eguipment  and  weapons)  of  a unit.  Though  there  are  ether 
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factors  to  ke  considered,  the  approach  appears  to  provide  a 
reasonable  approxiaation  to  the  problen  as  far  as  major 
factors  ccntributing  to  the  capability  of  a unit  is 
coGcerned.  Eowever,  the  problem  is:  vhat  values  should  be 
assigned  tc  tke  different  weapons  or  pieces  of  equipment  in 
order  tc  arrive  at  a reasonable  approximation  tc  the 
capability  cf  a unit?  since  the  effectiveness  of  a weapon 
depends  cn  the  type  of  target  against  which  it  is  used  and 
the  contribution  of  a piece  of  equipment  depends  cn  the 
ervironmeit  in  which  it  is  employed,  the  ccncept  of  notional 
units  must  ke  applied  with  special  care  and  emphasis  cn  the 
type  of  ccmkat  in  which  a unit  is  to  be  engaged  and  the 
envircnment  in  which  the  unit  will  be  fighting. 


£.  FIBffCNEB  SCORES 


The  firepcwer  scores  approach  appeals  tc  most  military 
analysts  because  cf  its  simplicity  and  ease  of  application, 
(see  Stockfisch  (17)  for  a further  discussion  of  firepower 
scores  and  further  references.)  The  relative  firepower 
scores  tc  be  assigned  to  each  type  of  weapons  are  supposed 
to  be  based  cc  actual  or  experimental  data  with  respect  to  a 
standard  weapon.  Eowever,  the  problem  seems  elusive.  How 
can  the  contribution  of  a certain  type  of  weapon  to  a 
■ilitary  operation  be  isolated  and  singled  out  from  the  many 
weapon  systems  involved?  Given  this  can  be  done,  what 
firepcwer  scenes  should  be  assigned  to  a weapon  considering 
the  different  types  of  targets  against  which  a weapon  may  be 
used?  Fcr  example,  consider  the  firepower  scores  for  a 90HI1 
tank  gun  and  a H14  rifle.  If  the  H14  rifle  is  chesen  as  a 
standard  weapon  and  assigned  a value  of  1,  what  value  should 
be  assigned  to  the  90HH  tank  gun?  If  lethality,  rate  of 
fire,  mobility,  protection,  type  of  targets  are  considered, 
seme  basis  cf  comparison  exists  and  a value  for  the  90HH 
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tank  gun  aa;  t€  derived.  Hllitary  experience  and  expertise 
and  faiiliaiity  with  the  weapons  lay  provide  a professional 
judgeaent  as  to  the  reasonableness  of  the  estiaaticn,  but 
this  lay  be  as  far  as  one  can  go. 


C.  IBE  OSE  CE  SAIELIITB  MODELS 


In  view  cf  tbe  increased  use  of  siaulation  and  war 
gaoing  technigues  in  the  analysis  of  military  probleis,  it 
appears  tc  tte  authors  that  the  solution  to  the  prcblea  of 
aggregation  cf  forces  lies  in  the  use  of  satellite  acdels. 
CCBAMEX  (CQMiM  Extended)  and  CABMOMEITE  (a  Monte  Carlo 
sisulaticn  cf  battalion  sized  or  lover  units  in  ground 
coabat)  are  exaaples  of  such  aodels.  COHAMEX  is  a satellite 
aodel  tc  be  used  in  conjunction  with  CABMONETTE,  a high 
resolution  ccabat  siaulation  aodel.  Data  relating  to 
weapons  cbazacteristics,  coabat  environaent,  aissicn,  etc., 
for  a particular  aix  of  opposing  fcrces  are  input  to 
CAEMONEIIE.  CABMCNETTE  perforas  a prespecified  nuaber  of 
replications  cf  the  battle.  It  then  output's#  for  each 
replication#  a time- sequenced  casualty  history  identifying 
the  tine  at  which  a casualty  occurred#  the  casualty  type  and 
the  killer  type.  This  output  is#  in  turn#  input  to  the 
CCMAMEX  which  massages  the  data  and  outputs  a set  of 
Lanchester-tjpe  parameters  which  represent#  essentially#  the 
kill  rates  fcr  each  firer/target  coabinaticn  in  the  battle. 
The  paraieters  are  then  used  in  DBM  (Division  Battle  Eodel) 
ground  ccibat  assessments.  Tbe  advantage  of  this  approach 
over  traditicnal  methodology  based  on  weapon  firepower 
scores  is  that  weapon  and  unit  performance  aeasures 
developed  by  CABMONETTE  reflect  variations  in  the  combat 
environment,  including  the  synergistic  effects  resulting 
frcff  the  esplcyient  of  various  ccabinaticns  cf  weapons. 
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0.  TOB  lECLICATIOH  Cf  EONOEB'S  AEPEOACH  IB  EiLFBAH 

Ibougb  EAIFBAE  has  the  capability  of  bacdling 
bet6£ogeo€ou£  forces  as  well  as  hoiogeneous  forces,  in 
reality  it  is  cnly  a honogeneous  nodel  because  of  the 
aggregated  fashico  in  which  it  handles  heterogeneous  fcrces. 
Heterogeneous  force  in  BALFBAH  refers  to  units  frci  the 
different  cciponent  Services  cf  the  armed  forces,  namely, 
the  Army,  Air  Force  and  Navy.  Units  are  classified  into 
types  as  grcund,  air  or  naval  according  tc  the  Services  to 
which  they  fcelcng.  Units  which  belong  to  the  same  Service 
are  treated  as  hoicgeneous  though  they  may  be  equipped  with 
weapons  cf  different  characteristics  such  as  lethality,  rate 
of  fire,  range,  protection,  etc.  BALFBlH's  definition  of 
hcacgeneccs  and  heterogeneous  forces  is  different  frca  what 
is  generally  assumed  by  most  operation  researchers  and 
military  analysts.  For  example,  in  his  mathematical  models 
for  combat  between  two  homogeneous  fcrces.  Prof.  J.  laylor 
defined  bcscgeneous  force  to  be  a force  composed  of 
identical  units.  Gordon  B.  Clarb  defined  heterogeneous 
force  to  be  a force  composed  of  weapons  with  different 
firepower,  mobility,  protection,  and  detection 
characteristics  in  the  general  context  of  land  combat. 

Bonder  extended  Lanchester's  original  formulation  cf  the 
linear  and  scuare  laws  to  incorporate  target  acquisition 
time,  rate  cf  fire,  and  conditional  Kill  probability  in  the 
calculation  cf  Lanchester-type  attrition-rate  coefficients. 
His  defiriticn  of  homogeneous  and  heterogeneous  fcrces  was 
also  in  the  ceceral  context  of  land  combat  and  agrees  with 
these  of  Prof.  J.  Taylor  and  Gordon  H.  Clark.  Ecnder 
modeled  the  combat  process  in  a detailed  fashion  while 
EAIFBAH  in  ar  aggregated  fashion.  Bonder  initially  used  the 
arithmatic  mean  of  the  time  required  to  destroy  a target  as 
the  estimate  of  the  Lanchester  attrition-rate  coefficient. 
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Bohever,  this  appxoach  turned  out  to  be  aatheaat ically 
untiactable,  and  an  explicit  expression  £cr  the  Lancbester 
attritioc-rate  coefficient  could  not  be  obtained.  Later 
Barfoot  suggested  using  the  haraonic  aean  of  the  tiae 
required  to  destroy  a target  as  the  estiaate  of  the  average 
attritico-  rate  coefficient.  Bender  aodified  bis  fcraulation 
according  tc  Barfcct's  suggestion. 

fiotl)  EilfBAB  and  Bonder's  aodel  are  based  on  the 
extention  and  enrichaent  of  Lanchester's  tbecry  of  ccabat. 
Bokever,  the  underlying  difference  in  the  definition  of 
hcacgenecos  and  heterogeneous  forces  led  to  different  basic 
assuaptiens  in  the  two  aodels.  As  a result,  the  application 
of  Bonder's  approach  in  BAIFBAB  presented  a greater 
challenge  than  kas  originally  anticipated.  The  differences 
in  the  levels  of  details  covered  in  the  two  aodels  further 
cciplicated  the  problem.  The  aaount  of  vork  involved  is 
beyond  the  scope  of  this  paper. 


?IMA1  BEHABKS 


The  stud;  of  war  will  never  becoie  an  exact  science 
despite  tbe  striving  efforts  of  operaticn  researchers, 
scientists  and  lilitAry  analysts.  The  wain  reason  is  the 
inability  of  aan  to  predict  bow  an  individual  will  react  in 
stressful  and  dangerpus  coabat  situation.  Another  reason  is 
the  vast  nuiber  of  variables  present  in  a ccabat  situation. 
These  variables  do  not  recur  in  fixed  fashion,  aiount, 
degree,  or  weights  of  relative  inportance.  Therefore, 
although  various  hinds  of  wars  have  been  fought  in  the  past 
and  lost  likely  will  continue  to  be  fought  in  the  future, 
■an*s  understanding  of  the  process  of  war  will  never  be 
adequate  and  ccaplets. 


In  nan's  guest  fpr  insight  into  the  process  of  war,  both 
■athenatical  foraulation  of  coabat  aodels  and  technigoes  of 
sisttlaticn  and  war  gnaing  have  been  extensively  used.  In 
the  area  of  aatheaatical  aodels,  substantial  interest  has 
been  aaintained  since  Lanchester  first  published  bis 
aatheaatcial  theory  of  warfare.  Aaong  the  various  aethods 
suggested  for  the  estiaation  of  Lanchester  — type  attrition 
coefficients,  this  paper  considered  the  harkov-dependent 
fire  and  Bender's  and  cleurk's  aodels  in  particular.  In  the 
area  of  siaulation  and  war  gaaing,  sophisticated  techniques 
have  bees  increasingly  eaployed.  Now  war  gaaing  and 
siaulation  have  becoae  standard  practices  in  the  analysis  of 
■ilitary  prcbleas.  Of  all  the  existing  aodels,  this  paper 
discussed  BAIPBAB  in  soae  detail  and  explored  the 
feasibility  of  applying  Bonder's  aethodology  for  the 
estiaation  cf  Lanciiester  attrition— rate  coefficients  in 
EAlfBAfl.  It  was  found  that  BAIPBAB  considers  theater—  level 
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ccibat  io  a vezy  aggregated  fashioD,  while  Bender's  approach 
applies  tc  fire  fights  in  a acre  detailed  Banner.  Thus, 
Bender's  lethedology  is  not  directly  applicable  in  an 
aggregated  ccabat  aodel  such  as  BALFBAH,  which  aodels  the 
vet;  heterogeneous  ccngloaeration  of  forces  found  io,  for 
eiaaple,  a division  pr  a corps  as  a hoaogeneous  force. 
Hencef  apparently  a different  approach  anst  be  used  to 
estiaate  attrition- rate  coefficients  in  such  Lanchestei-type 
force-  planning  acdels.  This  problea  is  a state-of-the-art 
picblea  in  ccabat  Modelling,  and  further  discussicn  is 
beyond  the  scepe  of  this  thesis. 
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